It is unknown why cerebellar neurons resist neurofibrillary tangle (NFT) formation. In Niemann-Pick disease Type C (NPC), NFT-mediated neurodegeneration occurs throughout brain, but the cerebellum degenerates conspicuously without NFT. To understand why, we have studied markers of NFT pathogenesis in cerebellum from 17 NPC cases, all having abundant NFT in forebrain. Remarkably, we found that NPC cerebella display several early markers of NFT formation, i.e., hyperphosphorylated tau and an array of cell cycle regulators, suggesting that cerebellar neurons in NPC undergo similar modifications as other neurons that develop NFT. However, cerebellar neurons are deficient in tau, the building block of NFT, and this may be one reason for their inability to form NFT. Even without NFT, cerebellar neurodegeneration may be triggered by the inappropriate activation of the cell cycle cdc2 kinase, and the npc-1 murine model provides an opportunity to test this hypothesis. © 2002 Elsevier Science (USA)
INTRODUCTION
Niemann-Pick type C disease (NPC) is an autosomal recessive lysosomal lipid storage disease caused chiefly by mutations within the NPC-1 gene (Vanier et al., 1996; Millat et al., 1999; Scriver et al., 2001) and also by mutations in the HE1 gene (Naureckiene et al., 2000; Millat et al., 2001) . These mutations lead to defects in intracellular trafficking of endocytosed cholesterol resulting in lysosomal sequestration of cholesterol and glycolipids (Blanchette-Mackie, 2000; Zhang et al., 2001) . The clinical spectrum of the disease is heterogeneous, the more protracted cases characterized by progressive motor disturbances attributed mainly to cerebellar dysfunction, vertical supranuclear ophthalmoplegia, and dementia (Vanier et al., 1988; Vanier et al., 1991) . The clinical manifestations correlate neuropathologically with neuroaxonal swelling and neuronal loss, and the presence of neurofibrillary tangles (NFTs) (Love et al., 1995; Suzuki et al., 1995) . Although the mechanism of NFT formation in NPC brain is not yet understood, some studies have reported that NFT in NPC neurons appear indistinguishable antigenically and morphologically from those in Alzheimer's disease (AD) (Auer et al., 1995) . We have extended these studies to show that markers preceding NFT formation in vulnerable hippocampal and cortical neurons in AD (Vincent et al., 1997 (Vincent et al., , 1998 Husseman et 
